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EXECUTIVE SUMMARY 
In the past 100 years, coyotes (Canis latrans) have expanded their range eastward. During their 
expansion, coyotes hybridized with gray wolves (Canis lupus) in the north and red wolves (Canis rufus) in 
the south. Coyotes were historically occupants of the plains, but now may be found in environments as 
varied as the sagebrush steppe, deserts, swamps, and inner cities. St. Mary’s County, MD, home to Naval 
Air Station Patuxent River (Pax River), was one of the last counties in the country to be colonized by 
coyotes.  
 Pax River is a research and development/flight test and evaluation center, and houses numerous 
tenant commands. Due to the mission of the base, many of the aircraft flown at Pax River are one-of-a-
kind, and are flown by highly trained test pilots. During flight operations pilots and aircraft are at risk of 
striking white-tailed deer (hereafter deer, Odocoileus virginianus) and other terrestrial wildlife, as Pax 
River has a perimeter fence, but no fence surrounding the airfield. Both deer and coyotes have been 
struck at Pax River. Because of the risk that deer pose to aircraft, the Natural Resources Branch at Pax 
River is interested in the potential utility of coyotes as biological control agents of deer at the base.  
 Deer factor heavily in coyote diets in the southeast. During the fall and winter, coyotes consume 
hunter-killed and wounded deer, gut-piles from hunter-killed deer, and carcasses of deer dumped after 
they are butchered. During the spring, coyotes may select for deer neonates and fawns. I searched 
available literature for coyote population demographics in the southeast and modeled potential 
population growth from different initial population sizes at low, medium, and high carrying capacities. 
Based on literature values for coyote densities, I calculated that Pax River and the area immediately 
surrounding the installation could support between 14 and 96 coyotes. I also modeled deer populations 
and found that at predation rates reported in the southeast, coyotes could be consuming 40 (95%CI=5) 
fawns per year, if deer production values are equal to those seen in 2013. I developed a deer population 
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model that will be useful in evaluating coyote impacts on deer populations as site-specific data are 
collected and applied.  
 I searched the available literature to assess the public’s attitude towards coyotes. I found that 
most people are likely aware of the presence of coyotes in southern Maryland, but they vary in their 
views towards coyotes. Those with higher incomes and those who are younger are more likely to 
support the presence of coyotes. Additionally, many people overestimate the risks that coyotes pose to 
people and pets through direct attacks or disease transmission. Among hunters, there may be 
misinformation regarding the means by which coyotes came to colonize Maryland.  
 Coyotes in the southeast, on average, have approximately 30% of the mass of deer at Pax River, 
so they pose less of a risk to aircraft in the event of a collision than deer. According to the Federal 
Aviation Administration, there have been twice as many deer strikes reported than coyote strikes 
nationwide since 1990. Of the reported coyote strikes, 8.7% caused damage, in contrast to the 83.8% of 
deer strikes that caused damage. These trends are mirrored in deer and coyote strikes suffered by the 
Navy.  
 Because coyotes pose little risk to aircraft and the public, and may impact deer populations, I 
recommend that coyotes at Pax River be managed for a population below carrying capacity. I 
recommend an initial installation quota of 4 coyotes per year, which should be periodically revised. I 
also recommend that site-specific demographic data be collected for coyote and deer populations at Pax 
River, to better inform models and decision making. Public outreach should be conducted with various 
stakeholder groups to reduce misinformation and gain support for subsequent management actions. 
Communication strategies should be pre-planned to reduce the impact of various types of negative 
human-coyote interactions.   
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In the past century, the coyote (Canis latrans) has expanded its range from west of the Mississippi River 
eastward to now occupy almost the entire United States. The range expansion had two general pushes: 
northern and southern (Hill et al. 1987, Parker 1995). While expanding their range, coyotes have 
hybridized with both gray wolves (Canis lupus) in the north and red wolves (Canis rufus) in the south, 
giving eastern coyotes an average body size larger than that of their western conspecifics (Mengel 1971, 
Parker 1995, Gompper 2002, Way 2007). Maryland was one of the last states to become occupied by 
coyotes, as it is situated roughly in the middle of the northern and southern pushes of the range 
expansion (Parker 1995, Spiker 2016). Coyotes were first observed on Naval Air Station Patuxent River 
(hereafter Pax River, the installation, or the base) in 2013, but may have been present as early as 2007 
(R. Lewis, Utah State University, personal observation, J. Swift Naval Air Station Patuxent River, personal 
communication). The installation Natural Resources Branch (NRB) staff are concerned about the risk that 
coyotes pose to aircraft on the airfield, as there is no fence separating the airfield from the rest of the 
base (Dolbeer et al. 2016). While the NRB staff are concerned about the risk that coyotes pose, they are 
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also interested in the possibility that coyotes may be of use as a biological control agent for other 
wildlife species considered hazardous to aviation. This manuscript will focus on coyote interactions with 
white-tailed deer (Odocoileus virginianus, hereafter deer) at PAX River. Coyotes have been cited as the 
causal factor for suppressed deer herds in several studies in the southeast, suggesting their potential 
utility as a biological control agent (Stout 1982, Kilgo et al. 2010, 2012, Jackson and Ditchkoff 2013). 
Coyotes are currently legal to hunt and trap on Pax River and are actively pursued for lethal removal 
whenever they are observed on the airfield. All following mentions of coyotes are in reference to the 
eastern coyote, unless otherwise noted. 
Other factors besides the relationship between coyotes and deer must be considered when 
deciding how coyotes are to be managed on Pax River. These include coyote population demographics, 
coyote diet, perceptions of personnel living and working on the base, perceptions of hunters on the 
base, the risk that coyotes pose to aircraft, and an understanding of how policy and administration 
impact any potential management decisions. 
This report will present a clear, comprehensive, and unbiased examination of factors related to 
coyote management on Pax River for all stakeholder groups in the decision making process, including 
the Natural Resources Branch, Air Operations, Wildlife Services, squadron Safety Officers, and the 
Installation Commanding Officer. My objectives for this capstone report are to: 1) provide a population 
management recommendation for coyotes on the installation, 2) identify data deficiencies and how 
additional specific data could be applied to make more informed management decisions, and 3) make 
management recommendations regarding habitat, prey, and other pertinent factors as they relate to 
coyote management recommendations. Wildlife management is an iterative process, and all 
management decisions should be periodically reevaluated, taking into consideration changing priorities, 
additional data, novel research, results of monitoring, and stakeholder input (Decker et al. 2012).  
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POLICY AND ADMINISTRATION 
Natural resources on Department of Defense installations are governed by the Cooperative Plan for 
Conservation and Rehabilitation (Sikes Act) and its amendments (16 U.S. Code § 670a). This act requires 
that each installation create a comprehensive Integrated Natural Resources Management Plan (INRMP) 
that is reviewed at least every 5 years by the installation commander, natural resources staff, and all 
interested parties, which include the U.S. Fish and Wildlife Service, state departments of natural 
resources, and state environmental departments. A key feature of the Sikes Act is that it mandates that 
the military incur no net loss of operational capability due to conflicts with natural resources. In addition 
to the Sikes Act, installations are required to adhere to all federal and state natural resources laws 
including, but not limited to the Endangered Species Act, the Clean Water Act, the Clean Air Act, The 
Migratory Bird Treaty Act, the National Environmental Policy Act, and the Bald and Golden Eagle 
Protection Act, though allowances are often made by regulatory agencies to accommodate the “no net 
loss” provisions in the Sikes Act (16 U.S. Code § 670a ,Department of the Navy 2014).  
Navy regulations require that each naval air station create a Bird Aircraft Strike Hazard (BASH) 
working group to coordinate the installation BASH program. This group often consists of air operations, 
natural resources, and U.S. Department of Agriculture, Animal and Plant Health Inspection Service’s 
Wildlife Services (WS) personnel; safety officers; air traffic controllers; public affairs; community plans 
and liaison officers; and the airfield manager (Commander, Navy Installations Command 2011). The 
working group is encouraged to meet at least quarterly. It is this working group that will ultimately 
influence what management strategy will be adopted by the NRB with regards to coyotes on Pax River.  
FOCUS AREA 
Naval Air Station Patuxent River is located in St. Mary’s County, Maryland, a large peninsula bordered by 
the Potomac River to the west, the Chesapeake Bay to the south, and the Patuxent River to the east. St 
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Mary’s County has experienced rapid population growth in the last two decades, and currently has a 
population of approximately 100,000. Agriculture, primarily corn and soybeans, dominates the northern 
and southern portions of the county, with development being concentrated in the central portion of the 
county. Forested areas are dominated by Quercus spp., Carya spp., Pinus taeda, and Pinus virginiana.  
Pax River is situated on a headland at the confluence of the Patuxent River and the Chesapeake 
Bay (Figure 1). The main installation is approximately 6,200 acres (2,510 ha) with 8.5 miles (13.7 km) of 
shoreline. Pax River also manages an outlying airfield (Webster Naval Outlying Field), an annex facility 
(Navy Recreation Center Solomons), an aerial gunnery/bomb range (Bloodsworth Island Range), and 
other minor properties, bringing the total land area in the complex to approximately 14,500 acres (5,870 
ha). Pax River is home to the Naval Air Systems (NAVAIR) and Naval Air Warfare Center-Aircraft Division 
headquarters, the U.S. Navy Test Pilot School, numerous flight test and evaluation squadrons, a 
detachment of Fleet Air Reconnaissance Squadron 4, and approximately 50 other functions. Pax River 
functions as a research and development/flight test and evaluation center and is recognized as a center 
of excellence for naval aviation.  To the north of the base are numerous housing developments along 
the Patuxent River. Many of these housing developments have ample amounts of forest between 
individual houses and housing developments. West of the base is a 6 lane divided highway, MD Route 
235. Along this roadway are many strip malls. South and southwest of the base are agricultural lands 
with few housing developments. Areas not in agricultural use are dominated by forest stands (Table 1, 
Figure 2).  
Pax River’s topography is characterized as Atlantic Coastal Plain. The main installation has 5 
freshwater ponds and 4 brackish, tidal creeks. Two additional tidal creeks were dredged to create 
seaplane facilities. Though Pax River does not own these tidal waters, it retains exclusive use of them. 
Pax River annually leases some of its property for commercial planting of corn or soybeans. There is a 3 
m tall fence with 3-strand barbed-wire outriggers surrounding the installation, and all open gates are 
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continuously staffed. At the center of the installation is an airfield named Trapnell Field (KNHK). Trapnell 
Field consists of 3 runways, the longest of which is 11,800 feet (3,596 m), numerous taxiways, helipads, 
a steam catapult, and other testing facilities. There are no fences that isolate the airfield from the rest of 
the installation. Pax River has a variety of land cover types ranging from developed to deciduous 
hardwood forest (Table 1, Figure 2).  
Pax River employs a small staff of natural resources professionals in the Natural Resources 
Branch (NRB) that are responsible for the entire spectrum of natural resources management. In addition 
to the NRB staff, NAVAIR has entered into a cooperative service agreement with WS to provide technical 
assistance and direct management actions on all naval air stations. There is a WS wildlife biologist and a 
wildlife specialist (technician) assigned to and stationed at Pax River. The activities of WS personnel are 
largely confined to the airfield at naval air stations.  
Pax River conducts an annual deer hunt to control the population of deer on the installation and 
provide recreational opportunities. Harvest objectives are determined annually based on the results of 
summer spotlight surveys. These objectives are communicated to hunters at the beginning of each 
season. If harvest objectives are not met by hunters, deer will be removed during night shooting events 
after the hunting season. In an effort to increase the number of deer harvested, deer taken on the 
installation do not count toward the statewide deer limit, and the length of the modern firearm season 
is increased  (Hunting and trapping 2016, Hunting and trapping seasons and bag limits for 2016-2017). 
Coyotes are currently legal to hunt and trap on Pax River, without  bag limit, and, as mentioned 
previously, are actively pursued for lethal removal whenever they are observed on the airfield (Hunting 
and trapping 2016, Hunting and trapping seasons and bag limits for 2016-2017). 
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Habitat Available to Coyotes 
To calculate the amount and types of habitat available to coyotes, I used existing land cover maps for 
Pax River and the surrounding area and summed the area of land cover classes using pixel size (30 m x 
30 m). Because coyotes are adept at defeating fences, I included the areas immediately outside of the 
installation boundary in habitat and potential coyote density calculations (Figure2). Because coyotes are 
extremely adaptable and will readily colonize new areas, I considered all non-water areas as coyote 
habitat. A study in South Carolina found that territorial coyotes (not transients) had a home range of 
approximately 9.3 mi2 (24 km2)( 95% fixed kernel isopleth) and a core area of approximately 1.9 mi2  (5 
km2, 50% fixed kernel isopleth) (Schrecengost et al. 2009). Similar studies conducted in Mississippi and 
Georgia found that coyotes had home ranges of 5.7 mi2 (14.8 km2) and 1.0 mi2 (2.6 km2) and core areas 
of 3.9 mi2  (10.1 km2 ) and 1.4 mi2 (3.6 km2 ) respectively. (Holzman et al. 1992b, Chamberlain et al. 
2000). Schrecengost et al. (2009) and Chamberlain et al. (2000) also found that the home ranges of 
multiple coyotes may often overlap, but that core areas may overlap to a lesser extent.  
I assumed that east/west coyote movement was limited by State Route 235 north of Pax River 
Gate 2 due to the width of the roadway (6 lanes) and the high volume of traffic. South of Gate 2, the 
volume of traffic decreases, and the road eventually narrows to 2 lanes. I did not consider this stretch of 
State Route 235 a barrier to coyote movement. Using the home range values reported by Schrecengost 
(2009), because they were the closest to Pax River geographically,I limited what I considered available 
habitat outside of Pax River to that which was within approximately 3.1 mi (5 km) of Trapnell Field, or 
the center of the installation. Based on a home range of approximately 9.7 mi2 (25 km2), 3.1 mi (5 km) 
would approximate the width or height of a home range.  South of Pax River are large areas of 
agricultural lands and Point Lookout State Park that may provide a source of transient coyotes.  
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I found that there are 15.4 mi2 (39.8 km2) of coyote habitat on and surrounding Pax River, not 
including bodies of water. This habitat is a mix of various development intensities, crops, woodlands of 
various types, and wetlands (Table 1, Figure 2). Areas of specific landcover classes shown in Table 1 may 
be incorrect, especially in the developed (various intensities), cultivated crops, shrub/scrub, and barren 
land classifications because much of the grass and cropland areas around the Trapnell Field were 
misclassified as developed (various intensities, Figure 2).  
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Figure 1: Map of Naval Air Station Patuxent River, MD installation boundary and areas 
immediately outside of the installation that would be accessible to coyotes on and off 
the installation.  
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Table 1: Table of the area of landcover types available to coyotes on and surrounding Naval Air Station 
Patuxent River, MD. Values were determined by summing the area of pixels assigned to each 
landcover class. The Southeastern GAP Analysis landcover layer was used.   
 
  
 
Landcover 
Area on NAS Patuxent 
River only 
   Acres            Hectares 
Area on and Adjacent to NAS Patuxent 
River  
Acres              Hectares 
Open Water 134 54 5,467 221 
Developed, Open Space 1,648 6,667 2,014 815 
Developed, Low Intensity 734 267 983 398 
Developed, Medium Intensity 695 281 793 321 
Developed, High Intensity 614 249 618 250 
Barren Land 13 5 16 7 
Deciduous Forest 647 262 1,532 620 
Evergreen Forest 395 160 838 339 
Mixed Forest 455 184 908 367 
Shrub/Scrub 143 58 288 117 
Herbaceous 72 29 190 77 
Hay/Pasture 7 3 153 62 
Cultivated Crops 142 57 455 184 
Woody Wetlands 468 189 968 392 
Emergent Herbaceous Wetlands 50 20 87 35 
Total 6,217 2,516 10,390 4,205 
Lewis ● Management of Coyotes at NAS PAX   11 
 
COYOTE ECOLOGY 
Coyotes are highly adaptable and exhibit a large amount of variability in many aspects of life history 
across their range (Parker 1995). This adaptability has allowed them to thrive across their historic and 
expanded ranges, encompassing habitats as varied as the Rocky Mountains, the Great Plains, inner cities 
such as Chicago, and southern swamplands. It is theorized that coyotes have filled the ranges left vacant 
in the eastern US by the gray wolf in the north and the red wolf in the southeast (Parker 1995). There 
are several aspects of coyote ecology that are key to making informed management decisions. They 
include reproduction, survivorship, population growth, diet, potential diseases, and coyote interactions 
with deer.    
Coyote Reproduction, Survivorship, and Population Growth 
Reproduction.— Coyotes, at latitudes similar to that of Pax River, typically mate between 
January and March and den between April and June (Mengel 1971). Windberg (1995) conducted a 
comprehensive demographic study of Texas coyotes and found that juvenile (0.8 to 2 year old) females 
have lower fecundity than adult (>2.5 year old) females, averaging 42% and 67% pregnancy rates, 
respectively. Overall, only 39% of all females were pregnant. Similarly, the mean number of fetuses for 
juveniles that ovulated was 4.3, in contrast to the mean number of fetuses for adult females of 5.7.  
Because there was so much variation in fecundity between age classes, Windberg (1995) 
created a natality index, or an estimate of the number of fetuses per female in the population. This 
index is calculated by multiplying the mean number of fetuses in the population by the proportion of 
females with fetuses. Windberg (1995) found that the average natality index for his study area was 3.2 
pups/female and that an index of juvenile survival from birth to the following year gave a 42% survival 
rate. This natality index was calculated across 10 years, and included a population collapse due to a 
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disease outbreak, and subsequent population rebound.  Coyote reproduction is density dependent, with 
fecundity decreasing as the population approaches the carrying capacity (Windberg 1995).  
Survivorship.— Windberg (1995) found that adult coyote annual survivorship was 69%. This was 
similar to survivorship values reported in Georgia (66%) and Mississippi (72%). However these values are 
higher than values reported for adult coyote survivorship in Georgia (50%) (Holzman et al. 1992a, 
Chamberlain and Leopold 2001, Schrecengost et al. 2009). In most instances, human caused mortality 
was the greatest source of adult coyote mortality. 
Population Growth.— The population density of coyotes has been estimated using various 
methods across the country. Because of the variation in habitat, and thus carrying capacity, across the 
coyote’s range, I will focus on values estimated east of the Mississippi River and Texas, with exceptions 
for urban coyotes (Table 2). A study in California found that coyote densities in more heavily developed 
areas were greater than those found in moderately developed and relatively undeveloped areas 
(Fedriani et al. 2001). The authors of this study found that coyotes were subsidized by anthropogenic 
sources of food in the more heavily developed areas. Other studies done in Nashville, TN and Chicago, IL 
found that coyotes consumed more anthropogenic food items in areas with higher amounts of 
development (Parker 1999, Morey et al. 2007).  
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Table 2: Coyote population densities found in various studies across the Eastern United States and 
possible population sizes at Naval Air Station Patuxent River based on those densities.. Knowlton (1972) 
estimated coyote density across multiple study sites. The average density was 0.15 coyotes/mi2. 
However, Knowlton (1972) found a density of 0.93 coyotes/mi2 in what he considered to be the best 
coyote habitat.  
 
 
 
 
 To determine how long it will take to reach the different population density literature values I 
modified the population growth formula (Nt+1=Nt+B+D+I+E) to account for fecundity and survivorship. I 
assumed that the population at Pax River is a closed population (no immigration or emigration). I also 
assumed an even sex ratio among pups and equal survivorship between sexes. The resulting model is: 
𝑁𝑡+1 = (𝑁𝑡 − ℎ) + ((F × 𝑁𝑡 × 𝑓 × Sjuv − (𝑁𝑡 × 1 − S𝐴𝐷)) (1 −
𝑁𝑡
𝐾
) 𝑁𝑡 
 
In this model h=hunter harvest, K=carrying capacity, F=proportion of females in the population, 
f=fecundity, and Sjuv and SAD=juvenile and adult survivorship, respectively. I used values reported by 
Windberg (1995) for the survival and fecundity variables in my model, and modeled population growth 
with different initial population (N0) values ranging from 2-8 (Table 4, Figure 3). I did this because the 
Eastern Coyote Population Densities 
Study State Density n/mi2 (n/km2) Number of           
Coyotes  
Knowlton 1972 Texas Average: 0.15 (0.4)       16 
Max: 0.93 (2.4)                96 
Babb and Kennedy 1989 Tennessee 0.14 (0.35)                14 
Schrecengost 2007 South Carolina 0.56 (1.5)                56 
Jackson and Ditchkoff 2013 Alabama 0.15 (0.4) (CL=0.12-0.22)                16 
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initial number of coyotes that colonized Pax River is unknown, and it is possible that the installation was 
colonized by multiple coyotes simultaneously. I found that based on reported literature values for 
coyote densities, assumed to be at carrying capacity, in the southeast, Pax River could support coyote 
populations ranging between 14 and 96 individuals. Because this logistic growth equation requires 
carrying capacity (K), I modeled coyote population growth at 3 potential carrying capacities: 20, 50, and 
80 coyotes (Figure 3).The true coyote density at Pax River, and thus population, could be higher than 
literature values because coyotes are likely to be subsidized on and near Pax River. Sources of 
anthropogenic subsidies could include unsecured garbage, vegetable gardens, row crops, hunter 
wounded/lost deer, roadkills, and carcasses that are dumped from depredation activities (Appendix A). 
 All wildlife management actions should be periodically reevaluated. Changing the values for 
variables used in this model may be informative when considering future coyote population 
management. For example, manipulating the hunter harvest variable will allow insight into possible 
impacts of increasing or decreasing hunter harvest.  
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Variable Value Source How Calculated 
Population at Time t (Nt) 2, 4, 6, 8 Population estimate  
Carrying Capacity (K) 20, 50, 80 Literature values Density at K × habitat available 
Female Proportion (F) 0.5 Assumption # female/ (# male + # female) 
Fecundity (f) 3.2 Windberg (1995) # of fetuses / # females of breeding 
age 
Juvenile Survival (Sjuv) 0.42 Windberg (1995) Proportion of juveniles that survive 
from birth to the following spring 
Adult Survival (SAD) .69 Windberg (1995) Proportion of adults that survive from 
Nt to Nt+1 
Hunter Harvest (h) 0 Pax River NRB # Coyotes killed by hunters/trappers 
Table 4: Variables included in the coyote population model for Naval Air Station Patuxent River, 
MD, their sources, and how they were calculated.  
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Figure 3: Model of coyote population growth at Naval Air Station Patuxent River, MD using 
literature demographic values in a closed, density density dependent population with 
populations (N0) of 2, 4, 6, and 8 at the time of colonization. Carrying capacities of 20, 50, and 
80 coyotes were used in this model. No hunter harvest was included in the model.  
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Coyote Diet 
Coyotes are opportunistic omnivores that are able to capitalize on new sources of food as soon as they 
become available. As such, an individual’s diet can vary greatly across spatial and temporal scales. Many 
studies have examined seasonal coyote diet composition across the southeast (Smith and Kennedy 
1983, Lee 1986, Andelt et al. 1987, Blanton and Hill 1989, Gabor 1993, Grogan 1996, Parker 1999, 
Chamberlain and Leopold 2001, Neale and Sacks 2001, Schrecengost et al. 2008, 2009, VanGilder 2008, 
Crimmins et al. 2012, Hicken 2016). It is important to note that in most coyote diet studies, diet 
composition is being determined through examination of scat. Food items that are completely digested 
(muscle tissue) will not be present in scat. Also, food items may be digested or destroyed beyond 
recognition, and may not be included in diet composition values. I have compiled seasonal percent 
occurrences of food items, in broad categories, that were found in coyote scat by various studies 
throughout the southeast (Appendix A). The studies that examined coyote diet by season grouped them 
by calendar season (July, August, and September were in summer). This convention potentially obscures 
coyote selection for deer neonates and fawns, as the time when fawns and neonates are most 
vulnerable to predation (the first 8 weeks of life) lies across the spring and summer seasons.  For a 
detailed dietary analysis of coyotes in South Carolina, I suggest consulting Schrecengost et al. (2008).  
Deer factor heavily into coyote diets during the winter, as well as during the late spring and 
early summer. Most authors speculate that the presence of deer in winter diets of southeastern coyotes 
is a function of coyotes scavenging hunter-wounded deer, consuming gut-piles of hunter-harvested 
deer, and scavenging deer carcasses after hunters have butchered deer. Most authors of coyote diet 
analyses also speculate that the deer found in late spring and early summer diets are primarily neonates 
and fawns, and are selected for. It was previously believed that eastern coyotes did not prey upon adult 
deer, except in the northeastern US where deep snow hindered deer movement, or in cases of ill or 
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wounded deer. However, the predation of healthy, adult deer was recently documented in the 
southeast when 4 apparently healthy does were killed and consumed by coyotes (Chitwood et al. 2014). 
Diseases Carried by Coyotes 
In most studies, diseases do not play a large role in coyote mortality (Holzman et al. 1992a, Chamberlain 
and Leopold 2001, Grinder and Krausman 2001, Schrecengost et al. 2009). However, diseases may 
reduce an animal’s fitness. Coyotes are capable of carrying and transmitting a number of different 
diseases and parasites that are transmissible to humans and human-associated animals. These diseases 
are of potential concern, and worthy of consideration in making coyote population management 
decisions. It is unlikely that coyotes brought in new diseases as they migrated to southern Maryland. 
Instead, coyotes on and near Pax River will carry diseases endemic to the area or diseases that are 
transmitted by human-associated animals. They may serve as a wildlife reservoir for these diseases, 
enabling them to be continually transmitted back to humans.  
Diseases Transmissible to Humans.—  Coyotes are hosts or reservoirs for a number of different diseases 
and parasites that are transmissible to humans. Diseases that are able to infect humans are known as 
zoonotic diseases or zoonoses. Zoonotic diseases in humans often present similar to a severe cold or 
influenza and are thus often misdiagnosed by the general public and medical professionals alike 
(Conover and Vail 2015). Because coyotes typically avoid humans, disease transmission is unlikely.  
 Any mammal has the potential to be infected by any strain of rabies. However mammals are 
most likely to be infected with the strain that is associated with their species. Coyotes are most likely to 
become infected with canine-variant rabies. This strain of rabies has largely been eradicated through 
domestic dog vaccination programs (Conover and Vail 2015). Raccoon-variant rabies is the most 
common strain in the eastern US, but transmission by coyotes is not common. The American Veterinary 
Medical Association (Monroe et al. 2016) found only one instance of a coyote infected with raccoon-
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variant rabies in the US during 2014. Coyotes are known to be hosts for viruses beyond rabies. Coyotes 
in the southeast have tested positive for the viruses that cause Eastern Equine Encephalitis as well as 
West-Nile Virus (Miller et al. 2009). 
 Coyotes are known reservoirs a number of protozoan diseases that are transmissible to humans. 
Studies conducted in the southeast found that coyotes commonly carry Toxoplasma gondii that causes 
toxoplasmosis in humans (Holzman et al. 1992a, Miller et al. 2009, Gates et al. 2014). Coyotes are 
known to also carry Trypanasoma cruzi and Leishmaia spp. which causes trypanosomiasis, and 
leishmaniosis, respectively in humans. Coyotes may be hosts for the tick-borne illness erhlichiosis (Kocan 
et al. 2000). Coyotes may be reservoirs for the bacteria Leptospira spp. that causes leptospirosis in 
humans.  
 Coyotes may serve as host to a number of endoparasitic worms, including roundworms such as 
Toxocara canis which causes toxocariasis, hookworms such as Uncinaria stenocephala, tapeworms 
including Mesocestoides spp., Echinococcus spp., Taenia spp., and flatworms such as Alaria spp. and 
Capillaria spp. (Wapenaar et al. 2013). All of these endoparasites can be transmitted to humans. 
Children are especially at risk for becoming infected with an endoparasite as they often place their 
hands in their mouth without washing them.  
Diseases Transmissible to Human-Associated Animals.— While all of the diseases described above are 
transmissible to other animals, including human associated animals such as pets and livestock, they are 
most notable for being transmissible to humans. Coyotes also carry diseases that are not transmissible 
to humans, but that are transmissible to human associated animals.  
Coyotes are one of the only species where the protozoan that causes neosporosis (Neospora 
caninum) can complete its sexual life cycle in and shed oocysts in fecal matter. Neosporosis can cause 
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calf abortion (Anderson et al. 2000). Other species that may serve as definitive hosts for the pathogen 
causing neosporosis include dogs and gray wolves (Gondim et al. 2004, Dubey et al. 2011). 
Coyotes in the southeast have been found to be infected with, or tested seropositive for, canine 
distemper virus and canine parvovirus (Holzman et al. 1992a, Pence 1995, Gates et al. 2014). These 
viruses can be passed on to domestic dogs, and can be lethal to dog and coyote pups. Domestic dogs are 
typically vaccinated against both of these diseases at a young age.  
Coyotes are commonly infected with heartworms (Dirofilaria immitus) (Holzman et al. 1992a, 
Pence 1995, Grinder and Krausman 2001, Miller et al. 2009, Gates et al. 2014). In one instance, 
heartworms caused an aortic aneurysm to rupture, killing their coyote host (Miller et al. 2007). 
Heartworms may easily be transmitted to domestic dogs through mosquito bites. Although heartworm 
is not common domestic dogs are due to prophylactic anthelminthic treatments, heartworm is endemic 
among coyotes. Coyotes serve as a reservoir for the heartworm and allow mosquitos to continually 
transmit the parasite to un-treated domestic dogs. 
Deer-Coyote Interactions 
Coyotes have been cited as the causal factor for suppressed deer herds and reduced deer productivity in 
several areas of the US (Stout 1982, Kilgo et al. 2010, 2012, Jackson and Ditchkoff 2013). Coyotes will 
prey on juvenile and adult deer, when available, and can cause high mortality in deer fawns and 
neonates (Stout 1982, Vreeland et al. 2004, Kilgo et al. 2012, Jackson and Ditchkoff 2013). Because 
coyotes could be of use as a biological control agent of deer at Pax River, it is important to understand 
how coyotes could impact deer populations. I have developed a model of deer populations at Pax River 
to attempt to give insight into how different sources of mortality impact populations.  
Deer Demographics.— In 1998, Pax River commissioned a deer population reconstruction, using 
hunter harvest data, to estimate total population size (A.N. Moen, Naval Air Station Patuxent River 
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contractor, unpublished report). Moen found that there were an estimated 448 deer on Pax River in 
1998. I used this population reconstruction and spotlight data from 1998 to 2013 (J. Swift, NAS Patuxent 
River Natural Resources Branch, unpublished data) to estimate deer populations at Pax River.  
Pax River NRB has been conducting deer spotlight surveys between June and the first week of 
September since at least 1998. They have continued to follow the same route and still utilize the same 
equipment. When deer are observed along the route they are classified as a buck, doe, fawn, or 
unclassified. These data are used to create a population index of deer observed per mile of survey route. 
I used this index as a correction factor, in conjunction with the 1998 deer population estimate, to 
project the deer population forward to 2013 (Figure 4). I only projected the population, and all 
corresponding estimates, forward to 2013 because beginning in 2014, harassment and dispersal of deer 
was conducted whenever deer were seen on the airfield during surveys. The NRB staff believes this 
harassment has resulted in the large decrease in deer/mile seen since 2014 (J. Swift, personal 
communication). The population of deer at Pax River varies greatly across years, and thus projecting the 
deer population forward to 2017 would likely result in an inaccurate estimate (Figure 4). I assume that 
all spotlight survey values and corresponding population estimates for the years 2014-2017 are the 
same as those estimated in 2013. 
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I estimated the number of fawns produced at Pax River annually (Figure 5). This estimate 
required an estimated doe population size, as well as a value for fecundity. To estimate the number of 
does at Pax River, I used the buck: doe ratio observed during spotlight surveys (J. Swift, unpublished 
data). This buck:doe ratio could potentially be inaccurate as a large proportion of deer observed during 
the spotlight counts are not classified. I did not use the buck:doe ratio calculated from hunter harvest 
data because it resulted in an average buck:doe ratio of 1.57 (J. Swift, unpublished data). This is likely 
due to hunters preferentially harvesting bucks. The average buck:doe ratio observed during spotlight 
surveys from 1998-2013 was 0.56 bucks/doe, or 64% does, 36% bucks. This value is more likely an 
accurate estimate of the true value as it is not biased by hunter preference.  
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Figure 4: Deer Population estimation from 1998-2013 at Naval Air Station Patuxent River, 
MD. Populations were projected using deer/mile observed during annual summer 
spotlight surveys and a population estimation conducted in 1998.  
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For a measure of fecundity, I examined Pax River NRB fetus and corpora lutea count data 
collected during hunting season inspections at the installation deer check station. These inspections 
yielded an average of 1.44 (95% CI=0.16) fetuses or corpora lutea per doe between 1999 and 2013 (J. 
Swift, unpublished data). Potential sources of error in these data are that not all fetuses observed in late 
November/December/January would have been born in the spring, and does that bred late (in 
December) may not have been recognized as being pregnant, and thus would not have been counted.  
Additionally, these data were calculated from a relatively small sample size each year. The number of 
does examined ranged from 5-23. I calculated the fawn:doe ratio observed in August and September 
spotlight surveys on Pax River. However, I believed that this ratio underestimated fawn production 
because many deer were unclassified, and depending on the date of fawn drop, fawns may have not yet 
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Figure 5: Estimated number of fawns produced annually at Naval Air Station 
Patuxent River, MD. Estimates were calculated using the estimated installation 
population, buck:doe ratio observed during summer spotlight surveys, and fecundity 
data obtained from hunter harvested deer at Patuxent River Naval Air Station. 
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been accompanying their mothers during much of August, and did not use this value in any other 
calculations.  
I used MD DNR data to calculate birth-to-fall fawn mortality. These data were reported in 
surveys administered to bowhunters that were successful in the previous season. Among other data that 
are collected, hunters report the number of bucks, does, and fawns that they see per hour. Maryland 
Department of Natural Resources calculated that hunters in the Western Coastal Plain observed 0.54 
fawns/doe during the 2015/2016 hunting season (Brown et al. 2016). These data could be inaccurate 
because they were collected during hunting seasons where both fawns and does were at risk of harvest, 
with does likely being selectively harvested. Additionally, this mortality value includes some amount of 
predation by coyotes, dogs, and other predators, but the amount of predation is unknown. I calculated a 
fawn:doe ratio using installation hunter harvest data and found an average of 2 fawns:doe. Though a 
doe producing twin fawns is not uncommon in Maryland, a fall/winter fawn:doe ratio that high is 
unlikely, even if all does produced twins (Maryland Annual Deer Report 2015-2016 2016). I believe that 
hunters selected for fawns because of the population control nature of the deer hunt at Pax River, 
causing the fawn:doe ratio of harvested deer to be skewed and did not use this value for birth-to-fall 
mortality estimates. Using the fecundity figure of 1.44 fawns/doe and the survivorship figure of 0.54 
fawns/doe, I calculated that annual birth-to-fall fawn mortality was 60%. The first two months after 
birth are when fawns are most vulnerable to predation (Jackson and Ditchkoff 2013). This value is likely 
an overestimate of fawn mortality in St. Mary’s County. Because deer are heavily hunted at Pax River, I 
assume that adult deer mortality attributable to causes other than hunting (disease, age, deer-vehicle 
collisions, injury, poaching, etc.) is low, and will use a value of 95% in population models. As data are 
collected, they may be substituted to better inform the model.  
Direct Coyote Impacts.— I searched available literature for studies where cause-specific 
mortality was determined for deer fawns in the southeast. I then applied reported coyote-specific 
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mortality to the number of fawns produced annually at Pax River to estimate the amount of coyote-
specific mortality that deer at Pax River may experience each year. Research at the Savannah River 
Department of Energy site in South Carolina found that coyotes were responsible for at least 37% of 
fawn mortalities and potentially responsible for 80% of all fawn mortalities (Kilgo et al. 2012). The 
predation values from South Carolina almost exactly match coyote predation values reported in 
Pennsylvania, with 36.7% of all fawn mortality attributed to coyotes across forested and agricultural 
landscapes (Vreeland et al. 2004).  Kilgo et al. (2010) found that total fawn mortality was 77% in South 
Carolina and Jackson et al. found that that total fawn mortality was 74% in Alabama. Both authors 
suggest that high fawn mortality rates are likely driven by coyote predation.  
Coyote predation of deer fawns is likely to be compensatory to some level, and then become 
additive. Mortality would be compensatory because coyotes are likely to consume some fawns that 
were undernourished, born with defects, diseased, injured, or abandoned, and would have otherwise 
died (Silvy 2012). The rate at which fawns that would have otherwise died, but instead are preyed upon 
by coyotes is unknown, as is the survival rate for adult deer in St. Mary’s County or on the base. Current 
deficiencies in available data preclude more sophisticated modeling of compensatory vs additive 
mortality. I created a coyote mortality factor to be included in my deer population model. To create this 
factor I required a standard by which to evaluate additive coyote mortality. For this standard, I averaged 
fawn to doe (F:D) ratios observed in hunter-harvested deer at Pax River from the 1997/1998 -2008/2009 
hunting seasons (prior to coyote establishment), and found an average F:D ratio (𝐹: 𝐷̅̅ ̅̅ ̅̅ ) of 1.19 (95% 
CI=0.16). Though this F:D data could not be used to calculate fawn productivity, assuming hunter 
preferences remain static, these data may be used to estimate an index of additive coyote induced 
mortality. To calculate the coyote mortality factor, the F:D ratio observed in the prior year’s hunter 
harvest data is subtracted from the mortality standard and divided by the mortality standard. This value 
is subject to chance, hunter preference, and hunter success, weather, and other factors, and thus is 
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weighted by 0.5 in the final model.  Model weights may be adjusted as more and better F:D are 
collected. If the final coyote mortality factor is less than 0, which will increase survivorship in the deer 
population model, 0 is used instead of the calculated value. For instance, in 2015, hunters harvested 32 
fawns and 45 does, for a F:D of 0.71, and a calculated coyote mortality factor of 0.2 (see equation 
below). 
𝐶𝑜𝑦𝑜𝑡𝑒 𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 =
(
𝐹: 𝐷̅̅ ̅̅ ̅̅ 1998−2008 − 𝐹: 𝐷𝑡
𝐹: 𝐷̅̅ ̅̅ ̅̅ 1998−2008
)
2
=
(
1.19 − 0.71
1.19 )
2
= 0.2 
 
I estimated that there were 290 (95% CI=35) deer on Pax River in 2013, and they produced 196 
(95% CI=24) fawns.  When I applied the confirmed coyote mortality values from Kilgo (2012) to deer 
populations at Pax River, I found that coyotes could be killing 40 (95%CI=5) fawns per year. In the Kilgo 
(2012) study, coyote densities were estimated to be 0.58/mi2 (1.5/km2) and deer densities were 
estimated to be 1.5-3.1/mi2 (4-8/km2). For comparison, in 2013, Pax River had deer a deer density of 4.6 
(CI=0.54)/mi2 (11.8/km2).  
I developed the following equation to model potential coyote impacts to deer at Pax River: 
𝑁𝑡+1 = 𝑁𝑡 + (𝑁𝑡 ((F × 𝑓) × (S𝑗𝑢𝑣 −
𝐶𝑜𝑦𝑜𝑡𝑒 𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟
2
)) − ℎ(𝑓𝑒𝑚𝑎𝑙𝑒) − ℎ(𝑚𝑎𝑙𝑒) − (𝑁𝑡
× 1 − SAD)) 
  
I populated this model with installation specific data, wherever possible. I used year specific 
installation fecundity (f) data and sex ratio (F) data. In years were that data was absent, I used the 
installation average values. I used the 2016 fawn mortality (Sjuv) value estimated from MD DNR data 
(60%) for all years, and applied hunter harvest yearly (h(female), h(male)). I found that an annual 
survival (SAD) value of 89.2% best fit this model to the population projection calculated from spotlight 
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survey data. I set the coyote mortality factor as 0 in this model (Figure 6). Divergence between the 
spotlight based population estimate and the modeled population have several potential causes and 
implications. The model inputs, outputs, and a comparison of the outputs to the population estimate are 
reported in Appendix B. First, this divergence could indicate that the spotlight survey data is not a 
reliable estimate of deer populations. Second, it could indicate that variables input to the model are 
incorrect. Last, it could indicate that model assumptions are incorrect.  
I conducted a sensitivity analysis on this model using the spotlight survey estimated deer 
population in 2013 and the hunter harvest values from the 2012/2013 season and found that the coyote 
mortality factor was the most sensitive to change, with a 10% increase yielding a -5.3% change in the 
deer population at time Nt+1 (Table 5, Table 6). This is likely because coyote mortality is to fawns. These 
fawns have not yet had the opportunity to replace themselves in the population (have ≥1 offspring). 
Similarly, a 10% increase in fawn survival yielded a 4.2% increase in the population. The same increases 
to proportion of does in the population and birth rate also yielded 4.1% and 4.2% increases in the deer 
population, respectively.  When you have more does, and those does are having more fawns, the 
population should increase. While this model certainly fits the saying that “all models are wrong, but 
some models are useful,” with the addition of specific, local data, this model may be used to inform 
management decisions regarding deer and coyote populations.  
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Figure 6: Deer population estimates at Naval Air Station Patuxent River, MD derived from 
installation summer spotlight surveys and a deer population model. 
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Table 5: Population variables, value used, data source, and method of calculation for the deer population model 
at Naval Air Station Patuxent River, MD 
 
 
  
Deer Population Model Inputs 
Population Variable 
 
Value Used and 
Special Cases 
Data Source How Calculated 
Population at Time t 
(N2013) 
290 Spotlight Survey (Deer/mileyear t /Deer/mile1998) × 
N1998 
Proportion of Does (F) 0.64 Spotlight Survey # female/ (# female + # male) 
Fecundity (f) Yearly value Pax River NRB hunter 
harvest data 
# fetuses /# number of females  
Fawn Survival (Sjuv) 0.4 MD DNR F:D ratio observed in 
September/fecundity 
Coyote Mortality 
Factor 
0 
 
If negative, use 0  
Pax River Hunter Harvest 
Data 
 (Average F:D1998-2008 - F:Dt)/ 
Average F:D1998-2008)/2 
Doe Harvest h(female) 71 Pax River Hunter Harvest 
Data 
# does killed by hunters 
Buck Harvest h(male) 49 Pax River NRB Hunter 
Harvest Data 
# bucks killed by hunters 
Adult Survival (SAD)  Estimate Proportion of adults  that 
survive from Nt-1 to Nt 
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Indirect Coyote Impacts.— Predators are known to influence prey behavior and reproduction 
through interactions that do not result in a predation event and are cumulatively known as non-
consumptive effects. These interactions may be as small as a prey species detecting the odor of a 
predator or as large as a failed predation attempt. A study conducted in Georgia excluded coyotes from 
plots that were accessible to deer. It then compared deer usage of coyote-free plots and control plots 
and found that deer were 2.1 times more likely to be found in areas where coyotes were excluded 
(Cherry 2014). It further found that deer that foraged in predator exclosures exhibited more time 
feeding, indicating less anti-predator behavior.  
         Population Model Sensitivity Analysis 
Variable Change in N1 
Birth Rate 4.2% 
Adult Survival -0.6% 
Fawn Survival 4.2% 
Proportion Female 4.1% 
Coyote Mortality Factor -5.3% 
Buck Harvest -2.6% 
Doe Harvest -2.9% 
Table 6: Results of a sensitivity analysis of the deer population model for Naval Air Station Patuxent 
River, MD. The model was constructed with data for 2013 (Table 5) and each variable was 
individually increased by 10%. The corresponding percent change in estimated population is 
reported.  
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Cherry (2014) went on to examine body condition and reproductive rates in deer. He found that 
deer body mass was negatively correlated with indices of coyote population abundance. During Cherry’s 
study, a multi-year decrease in the density of coyotes occurred, allowing a comparison of reproductive 
rates at different coyote densities to be performed. Cherry (2014) found that hunter-harvested deer had 
an ovulation rate of 50% and a lactation rate of 67% during the period of high coyote densities, and an 
ovulation rate of 80% and a lactation rate of 87% during the period of low coyote densities. The author 
speculated that the difference in ovulation rates and lactation rates within periods were due to some 
does coming into estrous and breeding late in the season, and not exhibiting corpora lutea during check-
station examinations (Cherry 2014).  
These non-consumptive effects of coyotes on deer could alter deer habitat usage and 
demographics at Pax River. Deer may begin to avoid areas where there is a greater perceived risk of 
predation, instead selecting areas that are perceived as safer. These anti-predator behaviors could 
reduce the amount of time spent foraging as well as average body mass. Lastly, non-consumptive effects 
could result in declines in deer fecundity (Alcock 2013, Cherry 2014).  
HUMAN DIMENSIONS 
All wildlife management decisions have impacts beyond the wildlife species to be managed, including 
impacting humans. These human dimensions must also be weighed when considering any management 
action. Though flight safety is the highest priority for the natural resources staff with regard to coyotes 
and deer at Pax River, the sociopolitical aspects of this management decision cannot be disregarded. 
Identifying and engaging stakeholders can increase project effectiveness (Decker et al. 2012). Ideally, 
stakeholder groups would be included in all stages of the decision making process (Decker et al. 2012). 
However, due to the risk that coyotes and deer pose to aircraft, some management decisions will likely 
be made without involving stakeholder groups other than those associated with aviation. Though 
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stakeholder input may not always be included, it is still valuable to understand how they will be 
impacted by future decisions. With this information, potential conflicts can be anticipated and mitigated 
before the conflict occurs, or plans can be prepared for anticipated conflicts. I have identified 3 main 
stakeholder groups that will be impacted by any coyote management decision and subsequent actions: 
those who live and work on or near the base (general public), base hunters, and the aviation 
community. These stakeholder groups are not mutually exclusive, and an individual can simultaneously 
belong to all 3.    
Stakeholder Group: Aviation Community 
Aviation safety is the primary reason that the management of coyotes at Pax River is in question. 
Because Pax River is a research and development/flight test and evaluation center, many of the aircraft 
at Pax River are one-of-a-kind and irreplaceable. Further, the test pilots that fly them are high-time 
pilots that have received extensive training beyond that received by fleet aviators (USNTPS). The risks 
that coyotes and other animals pose to aircraft and pilots at Pax River must be carefully evaluated, and 
wherever possible, mitigated.  
 Animals pose a threat to aircraft whenever they are found in the airport environment. 
Terrestrial animals may be struck by aircraft or may cause the pilot to attempt evasive maneuvers to 
avoid the strike, causing them to damage the aircraft in the maneuver or lose control and crash. The 
Federal Aviation Administration has kept record of reported wildlife strikes from 1990-present. These 
reports are actively solicited, but voluntarily submitted, and span all types of aviation, including 
commercial aviation, general aviation, and the military. It is important to note that because wildlife 
strike reports are voluntarily submitted, the true number of strikes, the true number of aircraft 
damaged, and the true value of the damage is likely much higher than reported.  
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 As of 2015, 503 coyotes were reported as being struck by aircraft in the US. Of the coyotes 
struck, 44 (8.7%) of the strikes were reported as having caused damage, for reported costs of 
$3,779,668 (Dolbeer et al. 2016). During that same time period, 1,016 white-tailed deer (I did not 
consider mule deer strikes for this report) were struck. 851 (83.8% of those strikes were reported to 
have caused damage, totaling $45,749,554 (Dolbeer et al. 2016). 
 The Navy utilizes the Web-Enabled Safety System (WESS) for all mishap reporting, investigation, 
and record keeping, including wildlife strikes to aircraft (Naval Safety Center). I obtained all WESS 
reports for deer and coyote strikes from 2012-2016. During that time period there were 10 deer struck 
by Navy aircraft and 2 near misses that resulted in damage to the aircraft (blown tires, likely as a result 
of evasive maneuvers or emergency braking). Collectively, I will refer to strikes and damage-causing near 
misses as events. Six of the deer-aircraft events reported the value of damages caused in WESS. The 
average damage caused by deer strikes was $2,540 (range: $0-$7,684, SD= $2,893). Six events did not 
list a damage value. One report describes damage to the aircraft’s nose strut and centerline fuel tank, 
but does not give a damage amount. Another strike impacted the propeller of a C-12 Huron. This strike 
likely initiated a thorough tear-down inspection of the engine and propeller, but did not list any damage 
value. These instances bring into question whether the events that did not report damages did not 
sustain damage, or simply did not report the value.  During the same time period, 6 reports of coyote 
strikes were submitted in WESS. The only values reported for damages resulting from coyote strikes 
were $0 (2 events). One strike notes that there was damage to the right main tire, but does not list a 
value. This again brings into question whether events that did not report damages did not sustain them, 
or simply failed to report the value. Diligence in reporting damages caused by wildlife strikes and near 
misses will better inform future wildlife management decisions on and near airports.   
 At Pax River, deer have an average mass of 46.8 kg (95% CI=1.33) (J. Swift, unpublished data). In 
western Tennessee, coyotes were found to have an average body mass of 13.5 kg (Stephenson and 
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Kennedy 1993). This is similar to body mass measurements from South Carolina where male coyotes had 
an average body mass of 13.53 kg (95% CI=.51) and females had an average body mass of 11.67 kg (95% 
CI=.53) (Schrecengost et al. 2009). Coyotes at Pax River are likely to have similar body masses. Gompper 
(2002) found no significant difference in body masses for male coyotes in the northeastern and 
southeastern US, but did find a significant difference for females. As females are generally smaller than 
males, this finding has no real implication for aviation safety (Gompper 2002). Coyotes have only 
approximately 30% of the mass that deer do, and thus pose a smaller risk to aircraft if they are struck. A 
greater risk to aircraft are maneuvers to avoid a coyote strike. 
Stakeholder Group: General Public 
If personnel living and/or working on the base perceive coyotes as a risk to their safety and well-being, 
or civilians living immediately off base perceive Pax River to be a coyote refuge, the natural resources 
staff could lose public support for natural resources management on the installation or support for the 
installation’s larger mission. I reviewed available literature to determine the general public’s view of 
coyotes and coyote management.  
 Studies have found two broad trends with relation to public perceptions of coyotes. First, those 
with higher levels of education are more likely to support coyotes (Kellert 1985, Stevens et al. 1994, 
Billodeaux 2007). Second, age is negatively correlated with support for coyotes. Younger individuals are 
more likely to have supportive views (Kellert 1985, Stevens et al. 1994, Martínez-Espiñeira 2006).  
Coyotes as a threat to human safety.— A recent study was conducted in the Washington D.C. 
Metropolitan area that sought to determine the attitudes of college undergraduates towards coyotes 
(Draheim 2008, Draheim et al. 2013). This study found that only 37% of respondents were aware of 
coyotes in the region and that 70% of respondents were neutral towards the presence of coyotes.  68% 
of respondents felt that coyotes were a threat to children, a belief that has been found in other studies 
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conducted in Pennsylvania, Chicago, Illinois,  and New England (Bovard et al. 2011, Siemer et al. 2014, 
Sponarski et al. 2016).  
White and Gehrt (2009) conducted a survey of news media reports of coyote attacks resulting in 
a bite on humans in the United States and Canada, and investigated each attack, attempting to 
characterize the nature and circumstances of each attack. They found that 159 people were bitten in 
142 separate attacks that were reported by news media from 1960-2006.  This is in contrast to the 
estimated 4.5 million people bitten annually by domestic dogs (Canis familiaris) in the US (Centers for 
Disease Control and Prevention 2016). White and Gehrt (2009) found that of the 142 investigated 
coyote attacks, 37% were predatory, 22% were investigative, 7% were by rabid coyotes, 6% were pet 
related, 4% were defensive, and 24% were of unknown cause. They also found that children were more 
likely to be involved in a predatory attack than adults. This finding is noteworthy because children may 
be seen as a prey item for coyotes, and are likely to suffer greater injuries than adults in similar attacks 
(White and Gehrt 2009). The findings of White and Gehrt (2009) contrast those of Poessel et al. (2013) 
with regard to the importance that pets play in human attacks. Poessel et al. (2013) found that of the 13 
coyote attacks on humans reported in the Denver, CO area, 6 (46%) were pet related  
The risk of a coyote attack on humans is likely overestimated. Bovard et al. (2011) asked 
respondents in a survey to estimate the number of coyote attacks in Pennsylvania on children and adults 
in the prior year. They found that respondents estimated 17.7 (SD=109.12) and 13.9 (SD=58.56) children 
and adults, respectively, were attacked in the prior year. There had never been an attack on a child, and 
only one recorded attack on an adult in Pennsylvania at the time of the study (Bovard et al. 2011). 
Perception of risk can impact people’s feelings towards coyotes. Zinn et al. (1998) showed that Denver, 
CO respondents found killing a coyote more acceptable if it hypothetically carried a disease that was 
harmful to humans than if it were hypothetically seen in their own yard.  
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People’s perceptions of the risk that coyotes pose can be rapidly influenced by the news media’s 
reporting of local coyote attacks. In 2010, a public perception study was conducted that duplicated a 
study done in 2006 in New York. The authors sought to determine the public’s change in attitude 
towards coyotes following two highly publicized coyote attacks on children in Westchester County, NY in 
2010 (Siemer et al. 2014). Siemer et al. (2014:13) surveyed two study areas with different population 
densities, and found that the percentage of respondents who “enjoy[ed] knowing that coyotes are 
around, but worry about problems coyotes may cause” and “[did] not enjoy knowing coyotes are around 
and regard them as a nuisance”  increased in both study areas following the coyote attacks in 2010. The 
percentage of respondents identifying with the concern statements above in the northern study area 
(population density of 116/mi2 (300/km2)) was 49% in 2006 and 64% in 2010. Similarly, in the southern 
study area (population density of 193/mi2 (500/km2)), 53% of respondents reported identifying with the 
concern statements in 2006 and 65% in 2010 (Siemer et al. 2014).  
Siemer et al. (2014) also found that the percentage of respondents who agreed that “the 
likelihood that a person in Westchester County will be injured by a coyote is acceptably low” decreased 
in the northern study area from 73% in 2006 to 50% in 2010 and in the southern study area from 69% in 
2006 to 49% in 2010. Siemer et al. (2014) contrasted  their findings to a fatal bear attack in New York in 
2005 where the media emphasized the rarity of such an event, and public perceptions of the risks that 
bears pose to humans remained static (Gore et al. 2005).  
White and Ghert (2009) found that 30% of coyote attacks that they investigated made mention 
of intentional or unintentional feeding of the coyote, but the true number of attacks associated with 
feeding was likely much higher than was reported. They also found that 50% of the reported attacks 
were in daylight hours. This high percentage of daylight attacks suggested that some coyotes may not 
have been avoiding humans due habituation from feeding (White and Gehrt 2009). Lawrence and 
Krausman (2011) found that urban Arizona residents were generally ambivalent towards coyotes, with 
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83% in one study area and 76% in another, stating that they did not believe that they were threatened 
by coyotes. These feelings led to most residents “quietly watching” or ignoring coyotes observed in close 
proximity to humans. This ambivalence and non-confrontational attitude towards coyotes has also led 
to the habituation of coyotes to humans (Lawrence and Krausman 2011). 
Coyotes as a threat to pet safety.— Coyotes have been implicated in pet depredations across 
the country. These depredations are often cited as a factor in public attitudes towards coyotes. In most 
cases of supposed coyote depredations the pet simply disappears, with no direct evidence of the pet’s 
fate (Draheim et al. 2013). More rarely, pet remains are found that indicate a coyote attack. 
 Bovard et al. (2011) asked respondents to estimate  the number of pets that were attacked in 
Pennsylvania in the previous year. They estimated 334.70 (SD=1785.05) pets were attacked in the 
previous year, while the true reported value for 2008 was 36, and the average reported value was 28. Of 
168 respondents, 7 reported that they had lost a pet to coyotes in the past.  
In 2016, Hooper investigated reported cases of coyote depredations on pets in Metropolitan 
Atlanta, Georgia. He found that 10.9% of respondents had a pet injured or killed by a coyote in the 
previous 3 years. He followed up with 79 of those who indicated that they had had a pet killed or injured 
and found that 64.5% had used indirect evidence to determine that a coyote had attacked their pet 
while only 35.4% used direct evidence. 62.7% of the pets whose disappearance was attributed to a 
coyote via indirect evidence were never recovered (alive or dead). Of the pets reported as being 
attacked by coyotes, 75.9% were cats (Felis domesticus). Hooper (2016)  found a corresponding increase 
in risk perception among those who had had a pet attacked by coyotes versus those who had not had a 
pet attacked.     
A recent study conducted in Denver, CO compiled reports of coyote conflict from multiple 
agencies. Of the 471 pet attacks that were reported, 76.1% were attacks on dogs and 21.9% were 
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attacks on cats (Poessel et al. 2013). The low attack rate on cats could be a reflection of the number of 
free roaming and para-domestic (outside) cats in the Denver area. 
Pets have appeared in coyote diet analyses. In a study done in and around Chicago, Illinois, cat 
remains occurred in 1.3%  of examined coyote scat across all study sites (Morey et al. 2007). The same 
study found cat remains in 6.7% of examined scat in an urban area. Similarly, cat remains were found in 
coyote scat in a study conducted near Nashville, TN (Parker 1999). However, many studies have not 
reported cat remains in coyote scat (Smith and Kennedy 1983, Lee 1986, Chamberlain et al. 1999, Neale 
and Sacks 2001, Schrecengost 2007, VanGilder 2008, McVey et al. 2013). The frequency with which cats 
are eaten by coyotes is likely a function of availability. Coyotes are opportunistic omnivores, and will 
likely consume cats when they are available and easily taken. In areas with few free-roaming cats, the 
frequency with which they are consumed is likely to be low.  
In St. Mary’s County, it is unlawful for an animal to be at large, unless it is undergoing obedience 
training or actively sport hunting; both activities must be supervised (St. Mary’s County Animal Control 
Regulations 2009). Further, it is a violation of Department of Defense regulations to allow an animal to 
be free-roaming on a military installation, and it is the installation’s policy as well (Hunting and trapping 
2016), J. Swift, personal communication). 
Coyotes as Source of Disease,— A study of Chicago, Illinois homeowners’ perceptions of coyotes 
found that 51% of respondents were concerned about contracting rabies from coyotes, with 20% of 
respondents extremely concerned about contracting rabies from coyotes. (Sponarski et al. 2016). 
Similarly, a study conducted in Georgia found that respondents were more likely to support lethal 
coyote control if it would reduce rates of disease transmission to pets and livestock (Billodeaux 2007).  
Though many diseases that coyotes carry are transmissible to humans, common-sense steps 
may be taken to avoid infection. These include washing of hands after being outside and avoiding close 
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contact with wild animals. A doctor should be consulted if a person is bitten by a coyote, and if possible, 
the animal should be killed, taking care to preserve the head and spine for laboratory rabies testing 
(Conover and Vail 2015).  
Of greater concern is the risk of disease transmission to pets, as pets are more likely to come 
into close contact with coyotes. Maryland requires that all dogs, cats, and ferrets be vaccinated for 
rabies upon reaching 4 months of age (Code of Maryland Regulations). Dogs are commonly vaccinated 
against the canine distemper virus at a young age, and are also commonly given prophylactic 
anthelminthic medication to prevent heartworms. Any pets that are known to have come in close 
association with a coyote should be taken to a veterinarian.  
Stakeholder Group: Hunters  
Deer are intensively hunted on Pax River, with >25% of the spotlight-estimated population removed 
each year (J. Swift, unpublished data). Hunters are notified at the beginning of each annual hunting 
season of the year’s harvest objective, and if they are unable to meet that objective (adjusted annually 
based on summer deer spotlight counts), the difference in the number of deer harvested and the 
objective will be killed in night shooting events. These hunters are effective in removing a large number 
of deer, but likely do not care why they are allowed to hunt. If hunters perceive that coyotes are 
significantly impacting their hunting success, they may discontinue hunting on Pax River and simply hunt 
elsewhere in the surrounding county, leaving deer population control to the base natural resources 
staff.  
 A recent study was conducted at a Pennsylvania sportsman’s show to gauge hunter perceptions 
of coyotes, a relatively recent addition to the mammal community in Pennsylvania (Bovard et al. 2011). 
Coyotes were first recorded in the state in 1946, though the method by which they arrived is a point of 
contention in Pennsylvania (Bovard et al. 2011). Of the 168 usable surveys, 90% of respondents reported 
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that they hunted at least one species of game; 85% of the respondents had hunted at least one species 
of game in the prior year. The authors found that 34% of respondents believed that the Pennsylvania 
Game Commission (PGC) was responsible for translocating and stocking coyotes in Pennsylvania. They 
also found that 11% of respondents believed that automobile insurance companies had translocated 
and stocked coyotes in the state to reduce the number deer-vehicle collisions and associated insurance 
claims. These “stocked” responses accounted for 41% of all respondents, while 49% of respondents felt 
that the coyotes occurred “naturally” in the state, either through colonization or that they were native. 
Bovard et al. (2011) also found that respondents who believed that the coyotes were “stocked” were 
more likely to believe that the deer herd in the state was too small. Those subscribing to the “stocked” 
origin theory were also more likely to believe that hunters kill more deer annually than coyotes do, 
suggesting that they feel that any deer mortalities attributed to coyotes are deer that would have 
otherwise been harvested by hunters.  
 Many studies have found that those who hunt are more likely to hold antagonistic views 
towards coyotes. Stevens et al. (1994) found that hunters were more likely to advocate for the 
elimination of coyotes in New England. Martínez-Espiñeira (2006) found that hunters, and those who 
supported hunting, were more likely to be in favor of lethal coyote control in Novia Scotia, Canada. 
Billodeaux (2007) found that those who supported hunting also supported the lethal control of deer 
and/or coyotes, especially if one of the control methods was hunting.  In contrast, Kellert (1985) found 
that any member of an “animal activity group,” including hunters, was more likely to have favorable 
views towards predators (coyotes and wolves) than the general public or livestock raisers. The author in 
this study purposefully oversampled the Rocky Mountain states and Alaska, where predators are 
generally disliked, likely biasing the results (Kellert et al. 1996).   
 Coyotes as a Source of Disease.— Hunters are at a greater risk of contracting zoonotic diseases 
than the general public because of close contact with dead animals. Hunters should follow the advice 
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given by the installation hunting regulations and wear gloves whenever handling dead animals. Pre-
exposure rabies vaccines should be considered for those at the greatest risk of inadvertent or unnoticed 
exposure to the rabies virus (Conover and Vail 2015, Hunting and trapping 2016). The St. Mary’s County 
Department of Health and Mental Hygiene can provide pre-exposure rabies vaccines, if warranted.  
RECOMMENDATIONS 
Coyotes at Pax River have the potential to kill a large number of fawns annually, and may reduce deer 
fecundity through non-consumptive effects. Any deer that is killed by a coyote is a deer that cannot be 
hit by an aircraft. Coyotes have approximately 30% of the mass that deer do at Pax River, and thus pose 
a much smaller risk to aircraft than deer. Coyotes pose little risk to the public with regards to attacks or 
disease. Coyotes may compete with hunters by reducing the deer population, though coyotes tend to 
kill fawns and hunters often prefer to harvest adult deer. Since fawn and adult mortality have different 
impacts on population growth, a combination of hunter harvest and coyote predation could be used to 
manipulate deer populations on the installation. I recommend that coyotes not be eliminated from Pax 
River, but rather be managed at a population that is below the installation’s coyote carrying capacity.  
To promote aviation safety, coyotes observed in the aircraft operation area should be hazed with 
pyrotechnics or bioacoustics, chased, or otherwise dispersed whenever possible. Coyotes that will not 
disperse or are routinely observed in the aircraft operation area should be lethally removed.  
Because coyotes are a recent addition to the fauna of Southern Maryland and carry a sense of 
novelty among residents, especially hunters and trappers, the opportunity for recreational hunting and 
trapping should continue to be allowed. However, the opportunity exists for hunters or trappers with 
negative views towards coyotes to take it upon themselves attempt to eliminate them from Pax River. 
An installation quota for the harvest of coyotes should be implemented. Once this quota is reached, 
coyote hunting and trapping seasons would be closed. This quota should be periodically reevaluated and 
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adjusted based on monitoring data to achieve desired coyote densities. Because aviation safety has the 
highest priority, coyotes removed from the aircraft operations area through depredation efforts would 
not apply toward this quota. I recommend an initial harvest quota of 4 coyotes per year. According to 
my model of coyote population growth at K=50 and N0=4, this level of take would not cause the 
population of coyotes at Pax River to decline, but would slow its growth. This model assumes a closed 
population. Immigration of coyotes to Pax River, or take of transient coyotes on Pax River, both likely, 
could allow for higher initial take or more rapid population growth. In addition, increased fecundity by 
coyotes to compensate for mortality may allow for a higher quota. Additional coyote population 
monitoring data will better inform coyote population models and aid in setting future quotas.  
In order to understand the impact of any management actions, an index of coyote populations 
should be developed. This index could be developed using siren surveys (Schrecengost 2007), scat 
counts (Henke and Knowlton 1995), spotlight surveys, or other methods. If funding is available, a 
capture-mark-recapture study using fecal DNA (Kays et al. 2008), or DNA collected from hair-snares 
(Ruell and Crooks 2007) would potentially deliver the most accurate population estimate of those listed. 
This population index should be supplemented by modeling the coyote population and potential 
management impacts at Pax River.  
Collection of site-specific demographic data will better inform the coyote model and will result 
in greater accuracy in model outputs. To collect site-specific coyote demographics, all coyotes killed, or 
found dead at Pax River should be presented to the Natural Resources Branch for examination, in a 
similar manner to deer that are harvested. All coyotes should be assessed for age and reproductive 
status following the techniques described in the Wildlife Techniques Manual (Silvy 2012). Further, 
females should be examined for presence and number of corpora lutea, placental scars, and/or fetuses. 
These structures will allow for an index of coyote reproduction to be developed (Feldhammer et al. 
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2007, Kardong 2009, Silvy 2012). They will not give a true natality rate, but they will allow some insight 
into local coyote reproduction. 
Coyote predation and subsequent impacts on deer populations are central to the question of 
coyote management at Pax River. In order to better understand how coyotes are interacting with deer 
and other food sources at Pax River, the diet of station coyotes should be analyzed. The NRB should 
develop a sampling protocol that attempts to capture spatial and temporal variability in coyote diet. 
Collected scat should be preserved and analyzed using the methods described in any of the dietary 
analysis studies cited. If genetic analysis of scat components is a possibility, scat should be preserved in a 
method compatible with both genetic and standard diet composition analyses. 
In addition to examining coyote scat for evidence of predation rates on deer, additional 
modeling should be done to understand potential impacts to deer populations. The deer population 
model will be better informed by developing additional site-specific demographic values.  In order to 
more accurately model deer-coyote interactions, an updated deer population estimate is needed. 
Conducting a capture-mark-recapture study would yield such an estimate. This study could be 
conducted with a hands-off approach, utilizing fecal DNA or marking techniques such as paintballs and 
observation techniques such as remote cameras. All deer should be examined for fetus count, corpora 
lutea, or placental scars in order to develop an index of fecundity for station deer. While these data are 
occasionally collected, missing data reduce sample size and it is unknown whether there were no 
fetuses or corpora lutea observed, or if the structures were not examined. Additionally, installation 
specific measures of fawn mortality and adult mortality should be developed to better inform the deer 
population model and allow for modeling of additive vs compensatory mortality. Though costly, a study 
examining cause-specific fawn mortality would be beneficial in understanding coyote impacts on fawns.  
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Coyotes may be useful as biological control agents of deer at Pax River, but their presence will 
not be without conflict. Coyote habituation to humans as a result of direct or indirect feeding has been 
implicated in a large percentage of the coyote attacks on humans (White and Gehrt 2009). Additionally, 
because coyotes are omnivorous, and anthropogenic subsidization can increase coyote densities, steps 
should be taken to reduce subsidization (Fedriani et al. 2001). To reduce subsidization and habituation, 
any carcasses generated through depredation efforts, fishing, roadkills, or any other means, should be 
disposed of in such a way as to make them inaccessible to coyotes. Acceptable means include burial, 
incineration, or disposal in a landfill. Further, prohibitions on the outdoor feeding of pets and requiring 
that garbage be properly secured in trash cans will help prevent coyote habituation to humans. This 
would not impact baiting of deer with shelled corn during the hunting season, as is currently allowed 
(Hunting and trapping 2016). Because Pax River has no authority in surrounding communities, outreach 
should be conducted in these communities to reduce outdoor feeding of pets and promote proper 
garbage storage.  
Human-coyote conflict is inevitable, and multiple studies have remarked that a centralized 
system to record and track instances of negative human-coyote interactions is necessary for proper 
management (White and Gehrt 2009, Bovard et al. 2011). A centralized system should be created that 
allows multiple entities to input and access recorded data. This database should be managed by the 
NRB. Preplanning may be a useful tool to mitigate negative effects of a high-profile negative human-
coyote interaction. As was shown by Siemer et al. (2014), media messages can greatly impact how the 
public perceives wildlife following negative human-wildlife interactions. Gore et al. (2005) demonstrated 
that careful risk communication can help to mitigate lasting negative attitudes towards species involved 
in human-wildlife encounters that result in human loss of life. Prior coordination with public 
relations/information entities, both on and off Pax River, that results in pre-planned communication 
strategies could help mitigate impacts of negative human-coyote interactions at Pax River. 
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Communication strategies should be preplanned for such events as coyotes being struck by aircraft, 
coyote attacks on humans, and coyote attacks on pets.  
Additional support for the use of coyotes as a deer management tool may be gained through 
increased communication with stakeholder groups. Those who live and work at Pax River are likely 
aware that coyotes exist in the area but may hold a number of different views towards them. Draheim 
et al. (2013) found that messages containing information about current and historic human-coyote 
interactions, coyote behavior, ecology statements regarding coyotes benefiting humans (rodent control) 
and charismatic images of coyotes increased respondent’s support for coyotes, and decreased the 
feeling that coyotes should be eliminated from the D.C. Metro area. Messages containing information 
about how coyotes could reduce the risk of deer-aircraft collisions would also likely result in increased 
support for coyotes at Pax River, and should be employed. Educational outreach, including messaging, 
on how to reduce coyote risks to people and pets, how to act in a coyote encounter, how to report a 
negative encounter with a coyote, and how coyotes are being managed to reduce the deer-aircraft 
strike hazard should be conducted for those living and working on Pax River. These messages could be 
conveyed through a series of articles in the Tester (the installation newspaper), face-to-face at the 
environmental education center in building 1410, or at a series of town-hall style meetings. 
Mistrust between hunters and the NRB resulting from rumor and misinformation, as was seen in 
Pennsylvania, should be avoided (Bovard et al. 2011). While messaging directed to the general public 
will likely also reach hunters at Pax River, targeted educational outreach should be directed at this 
stakeholder group. Additional topics that should be communicated to base hunters include basic coyote 
ecology, coyote impacts on deer populations, rationale behind coyote management decisions, and 
potential changes in hunting regulations that arise as a result of coyote management decisions. A 
representative from NRB should attend several Mattapany Rod & Gun Club (installation sportsman’s 
club) meetings to open this dialogue. Additionally, this information should be posted on the iSportsman 
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website where the current hunting regulations are posted.  By educating hunters how they, with 
coyotes, help to keep aviators safe from deer strikes, support for NRB management actions may be 
strengthened.  
 Coyotes may be an effective tool to manage deer populations on Pax River, and may help to 
reduce deer-aircraft collisions. Additional site-specific deer and coyote data will better inform future 
management decisions. Public outreach to various stakeholder groups will increase support for natural 
resources management programs at Pax River, extending beyond deer or coyote management to non-
game, fish, and recreational programs as well. These recommendations should reduce conflict between 
humans and wildlife, and promote the operational needs of the Navy at Naval Air Station Patuxent River. 
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APPENDIX A 
Percent occurrence of food items, by season, in coyote scat found in various studies across the United 
States. Blanks indicate missing data. Asterisks indicate that values were estimated from published 
graphs.  Because individual scats may be composed of several food items, values summed across 
categories for each study may exceed 100%. 
 
   
       
Study  Location Spring Summer Fall Winter Annual 
  Deer 
Gabor 1993 TN 24 20 38 40 36 
Parker 1999 TN 1 2 9 9 5 
Lee 1986 TN 20 0 17 33 25 
Grogan 1996 KY/TN, Ames Plantation 24 23  30  
Grogan 1996 
KY/TN, Land Between the 
Lakes 15 10  27  
Grogan 1996 
KY/TN, Milan Army 
Ammunition Plant 31 26  23  
Blanton and Hill 1989 SE USA 5 46 39  31 
Smith and Kennedy 1983 TN 14  86  13 
Crimmins et al. 2012* WV  45  76  
Hicken 2016 MD  39    
Chamberlain et al. 1999* MS 16 44 28 55 36 
VanGilder 2008 AL 2 27 9 25 17 
Neale and Sacks 2001 CA 19 10 13 21  
Andelt et al. 1987* TX 33 21 32 29  
    Rabbit   
Gabor 1993 TN 24 20 24 16 19 
Parker 1999 TN 13 20 11 19 10 
Lee 1986 TN 20 0 33 30 30 
Grogan 1996 KY/TN, Ames Plantation 32 17  44  
Grogan 1996 
KY/TN, Land Between the 
Lakes 36 24  41  
Grogan 1996 
KY/TN, Milan Army 
Ammunition Plant 46 28  43  
Blanton and Hill 1989 SE USA 37 27 27  32 
Smith and Kennedy 1983 TN 31  31 38 24 
Crimmins et al. 2012* WV  12  9  
Hicken 2016 MD      
Chamberlain et al. 1999* MS 36 23 22 29 28 
VanGlider 2008 AL 5 9 16 11 11 
Neael and Sacks 2001 CA 8 5 5 8  
Andelt et al. 1987* TX 16 7 22 22  
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  Spring Summer Fall Winter Annual 
    Rodent   
Gabor 1993 TN 24 40 50 32 33 
Parker 1999 TN 59 16 13 46 32 
Lee 1986 TN 38 40 56 35 41 
Grogan 1996 KY/TN, Ames Plantation 19 12  42  
Grogan 1996 
KY/TN, Land Between the 
Lakes 23 5  53  
Grogan 1996 
KY/TN, Milan Army 
Ammunition Plant 10 28  34  
Blanton and Hill 1989 SE USA 35 16 16  23 
Smith and Kennedy 1983 TN 19 4 62 15 48 
Crimmins et al. 2012* WV  48  24  
Chamberlain et al. 1999* MS 27 12 15 18 18 
VanGlider 2008 AL 26 34 36 32 31 
Neale and Sacks 2001 CA 27 19 16 37  
Andelt et al. 1987* TX 4 3 3 4  
    Livestock   
Gabor 1993 TN 18 20 10 11 12 
Parker 1999 TN 1 0 1 0 1 
Lee 1986 TN 28 40 19 13 17 
Grogan 1996 KY/TN, Ames Plantation 6 0  7  
Grogan 1996 
KY/TN, Land Between the 
Lakes 5 0  7  
Grogan 1996 
KY/TN, Milan Army 
Ammunition Plant 1 4  12  
Smith and Kennedy 1983 TN 11  47 42 35 
Neale and Sacks 2001 CA 17 11 11 14  
    Bird   
Gabor 1993 TN 6 0 7 5 6 
Parker 1999 TN 6 2 2 9 3 
Lee 1986 TN 18 20 13 15 14 
Grogan 1996 KY/TN, Ames Plantation 1 0  4  
Grogan 1996 
KY/TN, Land Between the 
Lakes 0 0  3  
Grogan 1996 
KY/TN, Milan Army 
Ammunition Plant 0 0  1  
Blanton and Hill 1989 SE USA     10 
Smith and Kennedy 1983 TN 11 11 22 56 17 
Crimmins et al. 2012* WV  16  7  
VanGlider 2008 AL 4 14 6 2 6 
Neale and Sacks 2001 CA 8 9 2 4  
    Fruit   
Gabor 1993 TN 6 60 48 6 22 
Parker 1999 TN 0 66 84 0 40 
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  Spring Summer Fall Winter Annual 
Lee 1986 TN 4 40 63 27 32 
Grogan 1996 KY/TN, Ames Plantation 9 69  0  
Grogan 1996 
KY/TN, Land Between the 
Lakes 24 64  4  
Grogan 1996 
KY/TN, Milan Army 
Ammunition Plant 16 31  3  
Blanton and Hill 1989 SE USA 45 31 50  55 
Smith and Kennedy 1983 TN 7  80 13 28 
VanGlider 2008 AL 10 11 3 4 7 
Neale and Sacks 2001 CA 3 33 42 8  
Andelt et al. 1987* TX 31 49 3 3  
    Insect   
Gabor 1993 TN 25 14 40 0 20 
Parker 1999 TN 6 0 12 0 7 
Lee 1986 TN 17 20 11 0 12 
Grogan 1996 KY/TN, Ames Plantation 20 20 31 5 12 
Grogan 1996 
KY/TN, Land Between the 
Lakes 8 44  0  
Grogan 1996 
KY/TN, Milan Army 
Ammunition Plant 18 41  0  
Blanton and Hill 1989 SE USA 20 26  0  
Smith and Kennedy 1983 TN 28 38 34  41 
Crimmins et al. 2012* WV 50  50  15 
VanGlider 2008 AL 26 2 3 0 8 
Neale and Sacks 2001 CA 11 5 12 4  
Andelt et al. 1987* TX 3 16 21 2  
    Grass   
Gabor 1993  29 40 38 27 35 
Parker 1999 TN 41 24 14 16 24 
Lee 1986 TN 20 60 16 21 27 
Grogan 1996 KY/TN, Ames Plantation 30 27  27  
Grogan 1996 
KY/TN, Land Between the 
Lakes 42 50  14  
Grogan 1996 
KY/TN, Milan Army 
Ammunition Plant 44 35  29  
VanGlider 2008 AL 20 7 6 12 12 
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APPENDIX B 
Comparison of deer population estimates at Naval Air Station Patuxent River, MD calculated from 
summer spotlight surveys and a deer population model. Population model inputs were calculated 
locally. In cases of missing data, site averages were used. Fawn Survival was calculated from 2017 
fawn:doe ratios found in MD DNR archery hunter surveys in the western coastal plain. A survivorship 
value of 89.25% resulted in the least divergence between the two models.  
 
 
 
 
